Background: Ginsenosides have been widely used clinically for many years and were regarded as very safe. However, a few researches on the toxicities of these kinds of agents showed that some ginsenosides may have side-effect on the rats or dogs. So it is extremely necessary to further clarify the potential toxicity of ginsenosides. This study was carried out to investigate long-term toxicity and genotoxicity of 25-methoxydammarane-3, 12, 20-triol (25-OCH 3 -PPD), a new derivative of ginsenoside, in beagle dogs. Methods: Twenty-four beagle dogs were divided randomly into four treatment groups and repeatedly orally administered with 25-OCH 3 -PPD capsule at 60, 120, and 240 mg/kg/day for 91 consecutive days. Ames, micronucleus, and chromosomal aberration tests were established to analyze the possible genotoxicity of 25-OCH 3 -PPD. Results: There was no 25-OCH 3 -PPDeinduced systemic toxicity in beagle dogs at any doses. The level of 25-OCH 3 -PPD at which no adverse effects were observed was found to be 240 mg/kg/day. The result of Ames test showed that there was no significant increase in the number of revertant colonies of 25-OCH 3 -PPD administrated groups compared to the vehicle control group. There were also no significant differences between 25-OCH 3 -PPD administrated groups at all dose levels and negative group in the micronucleus test and chromosomal aberration assay. Conclusion: The highest dose level of 25-OCH 3 -PPD at which no adverse effects were observed was found to be 240 mg/kg per day, and it is not a genotoxic agent either in somatic cells or germs cells. 25-OCH 3 -PPD is an extremely safe candidate compound for antitumor treatment.
Introduction
Cancer is one of the world's most serious illnesses whose mortality rate is second only to cardiovascular disease. With the advancement of therapeutic interventions such as surgery, chemotherapy, and radiotherapy, the survival rate of cancer patients has increased. Despite the progress of such treatments, the side-effects of patient intolerance and the destruction of healthy cells are something that cannot be overlooked. Consequently, there has been an increased focus on investigating agents that have the potential to be more effective and less toxic from the Traditional Chinese Medicine [1] . Ginsenoside and notoginsenoside are the main constituents in the roots, leaves, and seeds of the plant Panax ginseng and Panax notoginseng. These derivatives have been shown to have activities against many illnesses such as diabetes [2e4] , delayed onset muscle soreness [5] , diet-induced hypercholesterolemia [6] , myocardial ischemia [7] , inflammation [8] , and atherosclerosis [9] . Notably attracting the attention of scientists, these constituents also have effects on a spectrum of cancers such as breast [10, 11] , colon [12] , colorectal [13] , cervical [14] , prostate [15] , liver [16] , and lung cancers [17] . Investigations on the structureeactivity relationship with ginsenoside show that the number of the sugars substituted on the basic skeleton and the type of glycoside play an important part to the anticancer activities of ginsenosides [18] . Researches have shown that these antitumor effects were inversely correlated to the number of sugar moieties [19] .
25-methoxydammarane-3, 12, 20-triol (25-OCH 3 -PPD) is a new derivative of ginsenoside first obtained from P. notoginseng and has been shown to exhibit antitumor activities against various human cancer cells lines such as breast, prostate, lung, and colorectal cancer cell lines [1,20e23] . In the previous studies, 25-OCH 3 -protopanaxadiol (PPD) has been demonstrated to have the highest cytotoxic activity among all the tested ginsenosides (PPD and Rg 3 ). The half maximal inhibitory concentration (IC 50 ) of this compound for most cell lines were 5-to 15-fold lower than that of 20(S)-protopanaxadiol and 10-to 100-fold lower than that of Rg 3 [20] , a newly clinically used ancillary drug in cancer treatment in China [24] . Initial mechanistic examination with prostate and lung cancer cell lines revealed that 25-OCH 3 -PPD could inhibit proliferation, reduce survival, and induce cell apoptosis as well as cycle arrest in G1 phase and reactive oxygen species (ROS) production on human LNCaP and PC3 prostate cancer cells and human A549, H358, and H838 lung cancer cells [22, 25] . Additionally, 25-OCH 3 -PPD upregulated the phosphorylation levels of extracellular signal-regulated kinase (ERK) and p38 and downregulated the expression of cyclin D1, cyclin E, and MDM2 dose-dependently, which associated with the proliferative inhibition [26] . Moreover, 25-OCH 3 -PPD dose-dependently inhibited the growth of prostate cancer and lung cancer xenograft tumors in vivo without affecting normal cell viability [25, 26] . The mechanistic examination of 25-OCH 3 -PPD in colorectal cancer indicated that it wields its anticancer effect by targeting b-catenin signaling, a key mediator in the Wnt pathway. b-catenin/T cell factor (TCF) transcriptional activity was also significantly suppressed [23] . Pharmacokinetics investigation in rats showed that the major metabolite of this agent was 25-OH PPD, and the metabolic pathway is consider to be phase I [27] . The CYP3A4 is one of the important enzymes in the metabolic process of C-20 hydroxyl group of 25-OCH 3 -PPD [28] . In our previous studies, the oral long-term toxicity of 25-OCH 3 -PPD in Sprague Dawley rats was reported [29] . Although some statistical changes were seen in the hematology, biochemistry, and organ weights relative to the vehicle control group, the parameters were within the normal limits and the histopathological examination show no abnormal responses. The highest oral dose level in rats with no toxic response after treated with 25-OCH 3 -PPD was considered to be 600 mg/kg per day. Taking into account the different species and as an important part of preclinical safety evaluation, the genotoxicity and subchronic toxicity studies in beagle dogs were conducted. The new results of this article will be necessary and helpful to determine a suitable dose of 25-OCH 3 -PPD for clinical applications.
Materials and methods

Ethics statements
All animal work in this study was conducted under the Good Laboratory Practice of P.R. China. All animals involved received human care in compliance with accredited facilities of the Chinese Association for Accreditation of Laboratory Animal Care. Our institutional animal care and use committee, in conjunction with the veterinary staff, created a comprehensive environmental enrichment program that included social housing and social interaction with caretakers.
Subchronic toxicological study in beagle dog
Compound and animals
25-OCH 3 -PPD ( Fig. 1) , with 99.0% pure, was prepared by our laboratory. The compound 25-OCH 3 -PPD, weighing accurately, was put into hard capsule according to the dose level.
Twenty-four beagle dogs (12 of each sex) aged approximately 4e6 months and weighing between 5.5 and 7.5 kg each were obtained from the Zhejiang Laboratory Animal Center (Hangzhou, China; No. 0014658). Each dog was kept in a stainless steel cage separately. Other feeding conditions were as following: room temperature: 20e22 C; relative humidity: 45e65%; air ventilation: 15 times/h; light condition: 12-h light/dark cycles. Body weight, temperature, consumption, and clinical signs of all the dogs were recorded for 2 weeks before experiment. Hematology and biochemistry were conducted twice and urine, electrocardiography (ECG), and ophthalmic examination for one time during this period. Dogs that showed no abnormality of all above indexes were selected for the study.
Treatment schedule
All the dogs were divided randomly into four treatment groups (6 dogs/group): one control group (empty capsules) and three treatment groups administrated orally with 25-OCH 3 -PPD at 60, 120, and 240 mg/kg. The dose was selected based on the effective dose and the previous toxicity study. In the pharmacodynamic test, the effective dose was 20 mg/kg in mice [28] which calculated for 3.5 mg/kg in dogs. The administration doses 240, 120, and 60 mg/kg were respectively about 68-, 34-, and 17-fold the effective dose. For all the groups, two dogs were sacrificed after treatment for 46 days, another two dogs were sacrificed after treatment for 90 days, and the remaining dogs (two dogs) were autopsied after 4 weeks of recovery.
Clinical observations, body temperature, and weight
All beagle dogs were recorded for the mortality, gross toxicity, and clinical signs (including but not limited to the appearance, skin, and fur, behavior patterns, manure and urine, nausea, and vomiting) once a day during the whole experiment period. Body temperature and weight were taken once a week. Standard veterinary health-care practice was conducted to keep the dogs healthy during this experiment.
Electrocardiography and eye examination
Electrocardiograms were recorded using an Auto Electrocardiogram (SP2006, technical company, Beijing, P.R. China). All the dogs received this examination once every 2 weeks. The ECG parameters included Q-T interval, P-R interval, Q-T ratio, heart rate, QRS and S-T segment, Ⅱ lead of P and QRS wave time, and wave voltage of P, R, and T.
The YZ6EI ophthalmoscope (He, Suzhou, P.R. China) was used directly to detect the conjunctiva, cornea, pupil lenses, vitreous humor, retina, and optic papilla.
Urinalysis
Autoanalyzer H-800 (Dirui, Jilin, China) was used to test the urine samples. The parameters measured were bilirubin, pH, protein, vitamin C, occult blood, leukocytes, specific gravity, nitrite, and glucose. The urine color and transparency were recorded as well.
Hematology and biochemistry
Blood samples were obtained from dogs on Day 0, 46, and 91 of the study and again after recovery on Day 120 and collected into vacuum tube containing EDTA-K2. Autohematoanalyzer (ADVIA2120, Bayer, Germany) and automated coagulation analyzer (CA-560, Sysmex, Japan) were used to evaluate approximately 20 parameters about the hematology.
An electrolyte analyzer (Xilaiheng IMS-972, Shenzhen, China) and automatic serum analyzer (Hitachi 7020, Tokyo, Japan) were used to assess 17 blood chemistry parameters.
Pathological examination
For pathological examinations, two dogs (one of each sex) were euthanized respectively on Day 46, 91, and 120 (after 4 weeks of recovery). The appearance and the weights of all the organs including the kidneys, adrenals, brain, testes, heart, spleen, liver, thymus, lungs, epididymis, uterus, and ovaries were recorded in detail. About 33 tissues were obtained, paraffin embedded, and stained with hematoxylin and eosin. The pathology slices were then examined microscopically. All the methods used were carried out in accordance with the standard operation procedure (SOP) for laboratory animal use as outlined by the Zhejiang Institutional Experimental Animal Care and Use Committee (histopathological observation, SOP-ZJGLP-CZ03-47/1; pathological camera SOP-ZJGLP-CZ03-46/1).
Genotoxicity study
Bacterial reverse mutation test (Ames test)
Five strains of histidine auxotrophic Salmonella typhimurium including TA97, TA9, TA100, TA102, and TA1535 were used to test the mutagenic effect with or without S9 mix. Dose range was selected based on the results of preliminary work on TA100. The dose at 1,500 and 150 mg/plate showed no obvious antibacterial and reverse mutation effect. Therefore, the 1,500 mg/plate was selected as the highest dose level, and 25-OCH 3 -PPD was assayed in five different concentrations of 1,500, 150, 15, 1.5, and 0.15 mg/plate. If a 2-fold increase in the number of revertants compared with the negative control was observed, the result was regarded as positive.
Micronucleus assay
Six male Institute of Cancer Research (ICR) mice with body weight from 17.0 to 19.0 g per dose were used for this experiment. The dose levels of 25-OCH 3 -PPD were 2,400, 1,200, and 600 mg/kg according to the previous acute toxicology experiment on ICR mice with the highest dose level at 2,400 mg/kg [29] . Cyclophosphamide, 50 mg/kg, and 0.5% CMC-Na were selected as positive control and blank control, respectively. All the animals were sacrificed after 24 h of administration. The bone marrow was collected, fixed with menthol, and stained with 5% Giemsa [30] . 2,000 polychromatic erythrocytes (PCEs) per animal were scored using double-blind method to determine the clastogenic/aneugenic property for the analysis of the micronucleated cells. PCE/(PCE þ normochromatic erythrocyte) value in 200 erythrocytes/animal was calculated to assess the cytotoxicity of 25-OCH 3 -PDD. If the ratio showed a significant dose response increase at one tested point or one dose group, the result was consider to be positive. The mean number of micronucleated PCEs in individual dog was used as the experimental unit, with variability (standard deviation) based on differences among animals within the same group.
Chromosomal aberration assay
The preliminary cytotoxicity assay of 25-OCH 3 -PPD on Chinese
Hamster lung fibroblast cells was calculated with IC 50 at 8.188 mg/ ml. According to the Testing Guidelines for genotoxicity study of Drugs (Notification [ZH] GPT2e1) issued by the China Food and Drug Administration on Oct 2007, the highest dose level was selected as 10 mg/ml, which was slightly higher than the IC 50 .
Therefore, the dose ranges of 25-OCH 3 -PPD were selected as 10, 5, 2.5, and 1.25 mg/ml. The Chinese Hamster lung cells were seeded on a plastic plate and incubated in a CO 2 incubator with 25-OCH 3 -PPD of different concentrations in the presence and absence of S9 mix.
Cyclophosphamide and mitomycin C were used as positive controls with 40 mg/ml and 0.1 mg/ml, respectively. Colcemid was then added to the cell, incubated 2h, and harvested. The mixture with 5% Giemsa and phosphate buffer (1:9) was used to stain the cells for 20 minutes. All the chromosome deletion, exchange, and break were recorded.
Statistical analysis
All of the data are expressed as mean AE standard deviation. The SPSS software, version 13.0, was used for the data analysis. Oneway analysis of variance was performed, and the significant differences were confirmed by the Dunnett's test. P values of less than 0.05 and 0.01 were used to indicate the statistical significance in this study.
Results
The results of subchronic toxicity in beagle dogs
Clinical observations, body temperature, and weight
There was no death of animals during the whole experiment in all groups. In both the experimental and control groups, no obvious abnormalities were observed. All animals survived the length of the experiment and all were necropsied at the appropriate time point. The body weights were recorded with no statistical difference between compound 25-OCH 3 -PPD groups and control group ( Fig. 2A) . All the tested indexes of ECG were all in the normal range. Furthermore, the body temperatures of animals were fluctuated in a normal range of 37.5e39.7 C (Fig. 2B) . No statistical differences in food consumption and drinking patterns were observed with 25-OCH 3 -PPD at various doses when compared to the control group (Fig. 2C ).
Electrocardiography and eye examination
All the tested indexes of ECG were all in the normal range. The results of ophthalmoscopic examinations of conjunctiva, cornea, pupils' lenses, vitreous humor, retina, and optic papilla of the dogs appeared normal throughout the experiment regardless of doses.
Urine analysis
There were no significant differences observed in urine analysis between the control group and 25-OCH 3 -PPD treatment groups for all the tested items (data not shown).
Hematological and biochemical analysis
The hematological data were analyzed on Day 0, 46, 91, and 120 after administering 25-OCH 3 -PPD and summarized in Table 1 . On Day 46, the value of eosinophils and mean corpuscular hemoglobin (MCH) were decreased at 240 mg/kg/day and 60 mg mg/kg/day group, and mean corpuscular volume could also be observed, decreased both at 120 mg/kg/day and 60 mg mg/kg/day group. On Day 91, reticulocyte count (RETIC) at 240 mg/kg/day group and basophils, RETIC, mean haemoglobin concentration of reticulocytes (CHCMr) at 120 mg/kg/day group and CHCMr at 60 mg/kg/day group were decreased, while mean platelet volume was increased at 240 mg/kg/day group. On Day 120, RETIC was increased at 60 mg/ kg/day group, while MCH and CH and red cell distribution width were deceased at 60 mg mg/kg/day and 120 mg/kg/day group, respectively.
In the serum biochemical analysis (Table 2) , on Day 46, a decrease in the levels of TP, urea nitrogen, and creatinine (Crea) at high dose group and glucose at high-and mid-dose group could be observed. On Day 91, total calcium and glucose were increased at high-dose group, while gamma-glutamyl transferase was decreased at middose group. On Day 120, aminotransferase and Crea at high-dose group, TBIL at mid-dose group, and alkaline phosphatase at low-dose group were increased, while gamma-glutamyl transferase and Na þ at mid-dose group and alkaline phosphatase at low-and high-dose group were decreased. Other biochemical parameters presented no statistically significant changes.
Absolute organ weights, relative organ weights, and histopathological examination
There was an observed decrease in the absolute organ weights (Table 3 ) of the thymus of 25-OCH 3 -PPD treatment group at 60 mg/ kg/day (p < 0.05) and 120 mg/kg/day (p < 0.01) groups on Day 46 and 120 mg/kg/day group (p < 0.01) on. In addition, the relative organ weights (Table 4) (p < 0.05) on Day 46 could also be observed. However, the histopathological examination (Fig. 3 ) revealed no 25-OCH 3 -PPDe related pathological changes.
The results of genotoxitcity 3.2.1. Bacterial reverse mutation assay
No significant increase in revertant colonies of five strains could be observed at all concentration levels of 25-OCH 3 -PPD (1,500, 150, 15, 1.5, and 0.15 mg/plate) with or without the S9 metabolic activation relative to the vehicle control ( Table 5 ). The positive controls caused two-fold or greater increase in the number of revertant colonies in the absence and presence of S9 mix relative to the negative control which confirmed the validity of the test.
Mouse bone marrow micronucleus assay
Frequency of micronucleated polychromatic erythrocytes among 1000 PCEs were 2.75, 2.42, 1.75, and 2.83 and 57.83, for the vehicle control, at 600, 1,200, and 2,400 mg/kg of 25-OCH 3 -PPD and positive control, respectively ( Table 6 ). The 25-OCH 3 -PPD administrated groups of these three dose levels showed no significant difference relative to the negative control, while in contrast, the positive control group showed significant increase (p < 0.01) when compared to vehicle control.
Chromosomal aberration assay
The dose levels were obtained based on the preliminary cytotoxic experiment and 10 mg/ml of 25-OCH 3 -PPD was determined as the highest dose for this assay. The results showed that the chromosomal aberration rates of administration group at all four dose levels were lower than 5% and had no significant difference compared with the vehicle control group with or without S9 mix. In contrast, the positive control indicated significant increases (p < 0.01) when compared to the negative control with or without S9 mix, and the chromosomal aberration rate was higher than 20% (Table 7) .
Discussion
In recent years, there has been an increased interest in searching for antitumor treatments from Traditional Chinese Medicine. There are some investigations focusing on antitumor properties and other pharmacological activities of active compounds in ginseng. The active compounds are the ginsenosides in P. ginseng and other Panax species. Ginsenosides (F1, F2, Rg 3 , Rh1, Rh 2 , and compound K) are the hydrolyzed products of the sugar moieties of the major ginsenosides [21e35]. However, although ginsenosides have been widely used clinical for many years and were regarded to be very safe, some studies on the toxicities of these kinds of agents showed that some ginsenosides may have side-effects on the rats or dogs [24,36e40] . The statistical changes could be observed in the hematological data in beagle dogs after treated with ginsenoside Rg 3 for 13 weeks [24] . The subchronic study on ginsenoside CK in dogs showed compound related toxicity on liver [38] . 25-OCH 3 -PPD is a novel ginsenoside derivative obtained from P. notoginseng with high effectiveness and low toxicity. Previous studies demonstrated that 25-OCH 3 -PPD possessed broadspectrum functions in antitumor activity. Moreover, this compound has the potential to inhibit the growth of cancer xenograft tumors without killing normal cells [20] . Our previous subchronic study in Sprague Dawley rats showed that no observable adverse effect level of 25-OCH 3 -PPD was up to 600 mg/kg/day. Taking into account the different species and as an important part of the nonclinical safety evaluation program, the genotoxicity and subchronic toxicity study in beagle dogs were conducted. Based on the preliminary toxicity experiment for 14 days, the subchronic toxicity, and the effective dose in rats, the highest dose level of the present study was determined as 240 mg/kg/day in dogs. The midand low-dose levels were considered to be 120 and 60 mg/kg/day, respectively. In addition, the effective dose is 3.5 mg/kg in dogs calculated on the level of mice at dose of 20 mg/kg [28] . The administration doses 240, 120, and 60 mg/kg were, respectively, about 68-, 34-, and 17-fold the effective dose.
Under the conditions of our study, there was no 25-OCH 3 -PPD treatmenterelated death and toxicity at three dose levels. The clinical condition including food consumption and body weights showed no statistical changes between 25-OCH 3 -PPD treatment groups and vehicle control group. As shown in the result, the temperature of the dogs with administered 25-OCH 3 -PPD has no observable abnormalities, and the data were all similar to that of the control group. The respiratory rate and heart rate were all within the normal limits during the whole experiment. No 25-OCH 3 -PPD compounderelated effects on ECG data or urinalysis parameters were observed.
Hematological examinations were performed on Day 0, 46, 91, and 120. Despite some parameters including mean corpuscular volume, basophils, RETIC, CHCMr, and red cell distribution width of 25-OCH 3 -PPD group showed statistical differences compared with the control group, the mean values of the parameters were in the normal range. Ultimately, there was no biological or toxicological erelated clinical response in the hematology parameters analyzed from blood samples collected in either male or female dogs following administration of 25-OCH 3 -PPD. Blood chemistry examinations were also performed for four time points. Although some items such as albumin, aminotransferase, Crea, TP, and urea nitrogen showed significant differences between administration groups and control group, the parameters were all in the normal physiological range, and the dogs exhibited no obvious clinical response, indicating that these fluctuations are considered to be of no toxicological significance. When compared to control, the absolute organ weight of thymus in mid-dose group decreased by 42.5% (p < 0.05) and the relative organ weights in mid-dose and low-dose group reduced by 44.7% (p < 0.01) and 34.2% (p < 0.05) on Day 46 while all the parameters as described above returned to normal and showed no statistical changes with 25-OCH 3 -PPD withdrawal on Day 91 and 120. Moreover, no abnormal changes were found in the 240 mg/kg/ day group. Additionally, no treatment-related pathological changes were found in the thymus, according to the histopathological examination. Considering that thymus is an important immunotoxicity target organ among all the lymphoid tissues, it is of great significance to evaluate the changes. Because the variation of changes in lymphoid organ weights is very large and complex, the analysis and explanation of the weight changes of the thymus should be closely linked to histopathology changes and be assessed on a case-by-case basis. If the weight variation of the lymphoid organ lacks the corresponding changes on the histopathology, the changes of the weight may need to be ignored [41] . The results of histopathological study showed no abnormal changes in all three dose levels groups treated with 25-OCH 3 -PPD. Hence, given the result of this experiment, the changes of thymus was sporadic in nature.
The subchronic toxicity of beagle dogs in this study lead to the conclusion that administration of 25-OCH 3 -PPD at oral dosage level of 240 mg/kg/day for a 13 week consecutive regimen revealed no adverse effects in beagle dogs.
Ames assay, micronucleus test, and chromosomal aberration assay were conducted to evaluate the genotoxicity of 25-OCH 3 -PPD. The result of Ames test showed that there was no significant increase in the number of revertant colonies of 25-OCH 3 -PPDe administrated groups compared to the vehicle control group, which indicated that 25-OCH 3 -PPD has no mutagenic effect. There were also no significant differences between 25-OCH 3 -PPD administrated group of all dose levels and control group in the micronucleus test and chromosomal aberration assay. From all the above data, we can conclude that 25-OCH 3 -PPD is not a genotoxic agent 25 -OCH 3 -PPD has proven to have low toxicity and high effectiveness as a potential candidate with antitumor activity, which further supports its candidacy for clinical use in cancer patients.
Conclusion
In conclusion, the evaluation of genotoxicity and subchronic oral toxicity of 25-OCH 3 -PPD in beagle dogs was first reported. The level of 25-OCH 3 -PPD at which no adverse effects were observed was found to be 240 mg/kg/day. Comparing with the effective dose levels of 3.5 mg/kg in beagle dog, the safety dose level is approximately 68-fold higher than the recommended dose from this subchronic toxicity study. The results of subchronic toxicity and genotoxicity study suggest that 25-OCH 3 -PPD is an extremely safety candidate compound for antitumor treatment.
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